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Abstract 
This dissertation was written as part of the MSc in Environmental Management and 
Sustainability at the International Hellenic University.  
Urban and peri-urban agriculture (UPA) refers to agriculture done in urban areas 
or/and in close proximity to urban areas, either practiced on small, semi- or large scale 
(FAO, 2018a). 
UPA presents a chance to increase food production in cities. This could reduce poverty, 
unemployment and enhance food security, especially in developing countries. In 
combination with sustainable land use and green infrastructure, UPA can also become 
a potential mitigation and adaptation strategy for climate change (Zazada, et al., 2018). 
UPA is by many scholars considered as an opportunity for adaptation to growing 
urbanization. In many high-income countries people start to discover the neglected 
beauty of vegetable gardens and balconies, the joy of farming, the opportunity for 
social contact and the resulting exercise. Many well-off urban dwellers feel 
uncomfortable with the idea that they have to consume goods, produced with the use 
of chemicals by unknown people, transported over long distances (Autio, et al., 2013) 
and increasingly prefer freshly, local harvested food. Today, many are embracing UPA 
as a new concept despite being an old phenomenon (Beed, et al., 2015). 
Around the world, local food movements, grassroots initiatives, seed exchange 
networks, healthy city networks, often in collaboration with policy makers, strive to 
greening the cities, lessen their environmental impacts, increase urban sustainability 
and resilience to climate change (MUFPP, 2015). Yet, the vast majority of UPA is driven 
by necessity, not leisure.  
This dissertation would not have been possible without the tireless guidance and 
inspiration of Mrs. Alexandra Michailidou. The author expresses his gratitude to the 
supervisor for her priceless advice. 
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“To forget how to dig the earth and to tend the soil is to forget ourselves”. 
Mahatma Gandhi
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1 Introduction 
1.1 General 
As stated in the UN “Millennium Ecosystem Assessment”, agriculture is a major culprit 
for the environmental degradation but still holds the potential to sustain the 
environment and preserve ecosystems provided all three pillars of sustainability are 
considered (Millennium Ecosystem Assessment, 2005). 
It is known as the backbone of every economy as it provides for food security, raw 
materials for industries and when sustainably practiced it can be used to counter the 
effects of climate change on our environment. It is estimated that more than half of the 
world’s population currently lives in urban areas (54.83%) and this demographic growth 
is projected to increase (Worldbank, Urban Develpment, 2018b). The worldwide rapid 
urbanization trend may be a welcomed development which from all indications has 
fostered global economic growth, poverty reduction and social well-being so far (World 
Cities Report, 2016). However, as cities expand, dependency of urban dwellers on food 
purchases increases too. This simultaneous relationship between urbanization and food 
security is a clear indicator of the importance of the food dimension in urban areas and 
the urgent need for urban policies to encourage local food production (FAO, 2018a). 
Two out of seventeen Sustainable Development Goals (SDGs), set by the UN for year 
2030, are related to UPA, namely SDG2 (zero hunger) and SDG11 (sustainable cities and 
communities) (UN, 2018). Food insecurity, poverty, hunger and malnutrition are 
interrelated in a vicious cycle (HABITAT III, 2016). In 2015, the Milan Urban Food Policy 
Pact (MUFPP), which so far is signed by 180 international cities, aims to shape policies 
on food related issues among cities such as production and food supply, sustainable 
diets and nutrition, social and economic equity, the issue of food waste, and 
governance. The pact explicitly acknowledges the role UPA can play to address the 
related SDGs. Furthermore, according to FAO, world hunger, after years of decline is 
again on the rise, reaching in 2017, 821 million malnourished worldwide (FAO, 2018b). 
At the same time, the global population of overweight adults has reached 1.9 billion, 
among them 600 million are obese (WHO, 2018). Mounting scientific evidence 
associates obesity, among other reasons, with the consumption of processed food. 
   
 
Dietary patterns based on convenient and inexpensive junk food, instead of fruits and 
vegetables, are among the lead causes for high obesity rates (Poti, et al., 2017).  
In the United States for example, farming once associated with poverty and an old-
fashioned lifestyle, has become in recent decades a top recreational and physical 
activity. Michelle Obama in her book “American Grown”, linked high obesity rates with 
limited access to fresh food, and inspired with her passion for gardening hundreds of 
thousands of people across the USA to grow their own vegetables and fruits hence 
encouraging UPA and fighting food insecurity. Generally, there has been an increase in 
growing food on balconies, in private and community gardens and in doing small-scale 
livestock farming in different parts of the world (Game & Primus, 2015).  
Although the extent to which urban and peri-urban areas are used for farming is 
unknown (countries still don’t track numbers of city farmers) the Food and Agriculture 
Organization of the United Nations estimates that there are 800 million people globally 
engaging in UPA, producing some 15-20 percent of the world’s food (FAO, 2018a). 
Today we are witnessing a plethora of social network sites providing support and advice 
for all types of agriculture (e.g. YourGardenShow, The Garden Geek, YardShare, 
DigTheDirtect, urbangardensupport, MIT Open Agriculture etc.). In Europe, community 
supported agriculture and urban farming is backed by Europe’s pioneering knowledge 
and innovations hub (CSA Booster-EIT Climate-KIC) and numerous universities and 
specialist organization offer free online courses on climate smart agriculture through 
several “Massive Open Online Course” (MOOC) platforms. Due to concerns over climate 
change, OECD calls for action on agriculture to become climate-friendly by reducing 
further GHG emissions (CO2,N2O, and CH4) and enhance carbon sequestration in urban 
forests and green areas (OECD, 2015). 
 
1.2 Objectives 
The purpose of this paper is to analyze the benefits and discuss the main barriers of UPA 
on the three pillars of sustainable development (environmental, social and economic) 
   
 
and to scrutinize the possibility of UPA to become a mitigation and adaptation measure 
for global climate change.  
 
1.3 Research Questions 
The main research question is: Does UPA act as a feasible and sustainable measure of 
adaptation to climate change? Can UPA mitigate climate change effects and how. A 
further question to be evaluated is: What are the benefits and the barriers of UPA on 
environment, economy and society? 
 
1.4 Methodology  
The methodology adopted for this work is based on a critical review of the related 
literature. The sources will therefore be derived from specialist literature, scientific 
papers, scientific journals from databases such as ScienceDirect, Taylor&Francis online 
and Google Scholar, conference papers and web pages of organizations, academic 
publishing houses and universities. The search was based on the following key words: 
UPA, climate change mitigation, adaptation, environment and food security. 
 
1.5 Chapter Organization 
The structure of this thesis is based on five parts. In the introduction, an overview of the 
master thesis will be presented and the objectives, the research question and the 
methodology will be defined. The second part forms the literature review, where the 
term UPA is defined and related to climate change. Then, the types of UPA will be 
analyzed and discussed. Third, empirical studies on UPA will be reviewed. In the fourth 
part, a discussion will elaborate on the findings highlighting the benefits and barriers on 
environment, economy and society. Finally, in the last part, the conclusion and the 
results will be summarized. 
 
 
   
 
 
2 Urban and peri-urban agriculture 
 
2.1 Definition  
UPA is defined by FAO as the growing of crops (e.g. fruits, vegetables, leafy microgreens) 
and the raising of animals (e.g. sheep, beef cattle, dairy cattle, poultry, pigs) as well as 
animal products such as chicken meat and eggs, within cities but also in regions 
scattered around the fringe of the city (FAO, 2018a). UPA encompasses also beekeeping, 
horse keeping, the growing of non-food products (e.g. trees and tree products) and 
small-scale aquaculture. 
Urban agriculture has many purposes ranging from the provision of a significant food 
source for families to recreation and neighbourhood beautification with edible 
landscapes. UPA can serve as a supplement to household income or it can be a profit 
maximizing activity (Valley & Wittman, 2018).  
A universally agreed definition however, does not exist (Heidrun & Christoph, 2016). The 
term urban refers to the small-scale agriculture within cities, usually on private and 
community gardens, vacant lots and balconies, covering household needs, but it can 
also refer to large scale, fully commercial rooftop greenhouses or indoor farms. Peri-
urban refers to agriculture done in close proximity to urban areas, often semi- or large 
scale (FAO, 2018a). Therefore, UPA can be informal, with no legal status, totally invisible 
by authorities, or formal and fully commercial, done by professionals. It is important to 
highlight the fact that most of the cultivation activities in urban areas take place on non-
agricultural land while in peri-urban areas mainly agricultural land is being cultivated.  
 
2.2 The relationship between urban and peri-urban agriculture and climate change 
As stated in the fifth assessment report (AR5) of the Intergovernmental Panel on 
Climate Change (IPCC), the Earth’s climate system is warming up because human 
activities are causing weather patterns to change (e.g.anthropogenic GHG emissions). 
Global warming has a profound impact on humans and natural systems. Humans are 
   
 
forced to adjust their life in a changing climate (adaptation) that is warming up in a fast 
pace, and take all the necessary actions to mitigate climate change (Worldbank, Climate 
Change, 2018a). Adaptation refers to the measures taken to prevent or minimize the 
adverse effects of climate change with the aim to reduce vulnerability and enhance the 
adaptive capacity of humans and other living creatures (European Climate Adaptation 
Platform, 2015). Mitigation encompasses the reduction of sources of all anthropogenic 
heat trapping GHGs as well as the enhancement of the sinks that are storing these gases 
such as forests and soils (NASA, 2018). Despite the fact that mitigation and adaptation 
strategies address different factors, both are needed to combat climate change. 
Based on scientific evidence, climate change impacts agriculture and agriculture impacts 
climate change. It is widely accepted that cities globally account for the vast majority of 
energy consumption and GHG emissions (UN-Habitat, 2016) yet they are still dependent 
on food supply. Urban areas, due to climate change, are faced with extreme weather 
events, raising temperatures, the heat island effect, droughts, water shortages, extreme 
rainfall etc. (World Cities Report, 2016). Moreover, urban areas according to IPCC are 
forecasted to experience direct impacts not only on human and biological systems but 
also on assets and economies (IPCC, 2014b). The whole food system (production, 
transportation, processing, storage and food prices) will be impacted as climate change 
threatens global food security (FAO, 2018c). Obviously, in any country, the most 
disadvantaged and vulnerable among population are those having the lowest adaptive 
capacity to extreme climate events. As a result, the international network of 14,000 
expertise ARUP and C40 cities included urban agriculture in their GHG mitigation 
strategy (Watts, 2016). 
Subsequently, urban and peri-urban areas worldwide must become “Climate-Smart” to 
address all three objectives of Climate-Smart Agriculture, namely 1) sustainable increase 
of agricultural output that will ensure food security, 2) achieve resilience towards 
climate change and 3) reduce GHG emissions from agriculture (Dinesh et al., 2015). 
At first glance, UPA seems to be so minimal as to be insignificant, since most agriculture 
is still done in rural areas, but in fighting climate change, cities have to become part of 
the solution and exploit their tremendous potential to protect the environment without 
compromising human well-being. A growing number of recent studies report that UPA 
   
 
can serve as a mitigation and adaptation measure to combat climate change (Lwasa, et 
al., 2015).  
UPA is in many ways related to climate change, both directly and indirectly. For 
example, food transport, energy use, buildings & facilities, waste management and land 
use management, are all sources of GHG emissions that somehow affect any agricultural 
process (ICPP, 2014a). 
With regard to food transport, it is accepted that it increases the “Carbon Food Mile 
Footprint”. This is why the growing environmental awareness, especially in the 
developed countries, demands food to be locally produced. Emissions from food 
transport contribute to air pollution hence UPA cuts down “food miles”.  
A research carried out by the Leopold Centre for Sustainable Agriculture which 
compared the weighted average source distance (WASD) for locally grown agricultural 
production and production from conventional sources, both intended to reach the same 
institutional market and the result was 56 miles and 1,494 miles respectively (Rich & 
Andrew, 2003). This shows that the WASD for locally grown agricultural product is 27 
times less, compared to the conventional. 
Obviously, the further an agricultural product travels during its distribution, the greater 
its impact on the environment. However, support for local food systems should be 
based on their sustainability and on the rate at which food systems deplete non-
renewable resources (Mok, et al., 2014). For example, locally grown greenhouse 
vegetables, due to heating and lighting may have a much greater “carbon footprint” 
compared to open-field vegetables, imported from warmer regions (Schmitt, et al., 
2017). 
It is important to note that the “carbon footprint” doesn’t refer only to CO2, but includes 
other GHG emissions, expressed in CO2 equivalents, as well (Wiedmann & Minx, 2008). 
Another strategic option UPA present to climate change mitigation is the promotion of 
the “circular economy”, as opposed to our current wasteful “linear economy” of “take-
make-dispose”. In a circular economy the entire life cycle of a product or a process from 
“cradle-to-grave” is taken into consideration in order to achieve a closed nutrient loop 
or in other words a “cradle-to-cradle” zero-waste-economy that mimics nature in 
recycling its elements (Sariatli, 2017). 
   
 
From the perspective of a circular economy, the utilization of agricultural resources is 
based on the reduction of waste, emissions and non-renewable energy sources as well 
as on the increase of renewable energy sources (RES). 
For instance, it is widely accepted by the scientific community that nitrogen pollution 
from fertilizer is an element of climate change. 
A growing number of municipalities across the world opt for waste water management 
that allows the recycling of urban waste water in treatment plants to become a key 
input in agriculture for food production that results in direct GHG mitigation (CH4 and 
N2O emissions) (Miller-Robie, et al., 2017). From the “wastewater”, it is indispensable 
first to remove all hazardous chemicals (e.g. heavy metals) before it can be reused in 
agriculture (UNESCO, 2017). Recent advances in technology allow phosphorus and 
nitrogen to be retrieved from waste water and converted to commercial fertilizers 
(Zhou, et al., 2017). 
Another example of a circular economy is a waste-to-energy and waste-to-material 
conversion of animal manure from the livestock industry that produces renewable 
biogas and CO2, generated in anaerobic digestion farms. Greenhouses then, can utilize 
biogas and CO2 to cover their energy demand and enhance production (Zhang, et al, 
2013). 
UPA also promotes biodiversity conservation as a way of adaptation to climate change. 
It helps to conserve and encourage biodiversity as it provides for support of green spots 
with different plants and species within a sterile urban neighbourhood. These green 
spots serve as a habitat for other organisms like insects, birds and bees (important for 
pollination) which otherwise barely exist in such environments (Güleryüz, 2012).  
A further paradigm of the relationship between UPA and climate change is “industrial 
symbiosis” practiced in urban and peri-urban areas. Industrial symbiosis as a concept is a 
branch of industrial ecology that refers to the mutual beneficial relationship among two 
or more facilities, where the output (e.g. residue or waste) of one is the input-resource 
(e.g. raw materials) of another, so that resources and energy can be recycled and 
recovered in a network of exchange (Li, 2018). Industrial symbiosis is an important 
element of a circular economy (Sariatli, 2017). 
   
 
A prototype system, established in 1972, is the Danish town of Kalundborg. In this town, 
the heating (energy resource) in greenhouses comes from the “waste heat” (residue) of 
a power plant and a petroleum refinery. This collaboration results in joint value, creates 
growth in a sustainable way and reduces GHG emissions (Kalundborg Symbiosis, 2019). 
Across the world, many peri-urban areas of cities feature industrial parks with facilities 
that produce surpluses of energy (heat) and CO2 as by-products or wastes. There is 
ample scientific evidence that CO2 enrichment in controlled environments such as in 
greenhouses enhances significantly plant growth and crop production (Marchi, et al., 
2018). An increase of CO2 concentration from 400 to 1000 ppm can contribute to plant 
growth and yield increase of 21-61% (Bao, et al., 2018). Moreover, today the technology 
of direct air capture of CO2 has been significantly improved so the cost has dropped to 
less than 100 USD/tonne (Temple, 2018). According to Climeworks, which is the world’s 
first commercial CO2 capture plant, established in 2017 near Zurich, this technology is 
ready to be applied to greenhouses to enhance crop growth (Magill, 2017). 
 
Figure 2.1. Climeworks plant with Gebrüder Meier greenhouse in the background 
 
Source: http://www.climeworks.com/case-studies/gebruder-meier/ 
 
Climate change and the need for cost-savings have resulted in governmental regulations 
that are increasingly triggering “eco-innovations” to feed the booming urban population 
in a sustainable way. For instance, “costs-saving clean technologies” such as 
autonomous farm equipments can promote collective urban farming operating on 24/7 
basis (e.g. autonomous tractor, autonomous weeding machines, harvest robotics, 
agricultural drones etc.) and will efficiently reduce energy consumption, material use, 
   
 
pollution and waste in the near future (Calderon, 2018). As stated at the Annual 
Meeting of the World Economic Forum in 2017, countless smallholder farmers in the 
peri-urban areas of the world cities, cannot take advantage of the “economy of scale”, 
as they lack agricultural tools and have to abandon their fields. In the coming years, the 
employment of such eco-innovations (e.g. precision agriculture tools) can be done by 
community unions, farmer co-operations and/or municipalities in order to assist 
smallholders and enhance urban and peri-urban agriculture (Sunga, 2017). 
Thornton et al. (2014) argues that although there are still significant knowledge gaps on 
how exactly climate variability and extreme weather events will affect livestock and crop 
yield, what is certain, though, is the fact that living under different socioeconomic and 
political conditions differentiates the level of vulnerability among people and nations 
(Thornton, et al., 2014). More explicitly, the poorest people in developing countries are 
at highest risk, despite having contributed the least to global warming  
Moreover, in several high latitude countries such as the USA, Canada, Norway, Sweden, 
Finland and Russia, a warmer climate will contribute to their greening and even increase 
their arable land (Myron, et al., 2018), while sub Saharan Africa countries will 
experience a profound decrease (Kotir, 2011).  
 
2.3 Types of urban and peri-urban agriculture 
Urban and peri-urban agriculture can be classified is several different ways based on 
size, shape, purpose, and operator (Güleryüz, 2012). UPA can be small and semi scale, 
covering only household needs or purely commercial, practiced on intensive large scale 
enterprises. Worldwide, UPA is practiced on vacant lots, community gardens, individual 
backyard gardens and balconies, rooftop gardens, public and private land, on simple 
greenhouses or in technology-based facilities also known as controlled environments. 
Institutional farms such as school gardens, educational farms, recreational farms and 
gardens can also be part of UPA. Crops can grow in soil or the crop production can be 
entirely soil-less (e.g. on Rockwool, perlite, clay pebbles or vermiculite) (Besthorn, 
2013). We have to note that the informal and non-profit part of UPA (e.g. recreational 
or for means of self-supply on individual and shared plots) has been until recent decades 
   
 
failed to draw the attention of policy makers and remained unregulated and 
unmonitored (Zazada, et al., 2018). 
 
2.3.1 Backyard gardens in and around the house and micro-farming  
Backyard gardens are the simplest and widely seen form of UPA. They are usually 
practiced in open-air private home gardens or allotment gardens and in small 
greenhouses, where food is produced for personal consumption (Eigenbrod & Gruda, 
2015). This might be seen as front, side, or back yard gardens; container or bucket 
gardening on a veranda or balcony; or even a window box in private apartments. 
Since gardening is supposed for self-sufficiency and not-for-profit, there is no need to 
optimize yield with the use of synthetic fertilizers and pesticides. Therefore, gardeners 
usually grow organically their food and can even afford some crop failure. In fact, the 
vast majority of gardeners prefer crop failure to using chemical herbicides and 
pesticides. Home gardeners or hobby gardeners have enhanced self-esteem and take 
pride out of the ability to produce some of the food they consume.  
In developing countries, UPA is of utmost importance. A research conducted in Eastern 
Africa, has shown that 17-36% of the urban population grows crops or keeps livestock in 
“subsistence farming” which is defined as the form of farming where little or no surplus 
is sold (Lee-Smith, 2010). 
The proximity of home-grown fresh fruits and vegetables, ripping in the garden, makes 
them attractive and even more nutritious then their early picked store-bought 
counterparts. This is particular important for children. Loso, et al. (2018) while studying 
gardening experience during childhood, came to the conclusion that gardening 
interventions at an early age increases the daily intake of fruits and vegetables. 
Gardening and micro-farming have also an environmental dimension. 
Globally, industrial agriculture is responsible for 10-12% of anthropogenic GHG 
emissions (IPCC, 2014c), while micro-farming, usually done by smallholders in peri-urban 
areas, has a great cumulative GHG mitigation potential.  
This is because micro-farming, whether on private or allotment plots, is generally low-till 
or even zero-till, which prevents soil erosion and enhances carbon sequestration in soil 
   
 
(Mangalassery, et al., 2014). Tilling permits CO2 to escape from soil and besides, it 
increases fossil fuel use to operate the field cultivators and plows. In micro-farming we 
see also a high rate of crop rotation that increases soil fertility along with enhanced crop 
diversity that results in soil health and on top of that, micro farmers engage in 
composting their own organic waste (aerobic degradation of kitchen and garden waste). 
Conclusively, micro farmers make overall less use of fertilizers, pesticides and fossil fuels 
(Lin, et al., 2011).  
In a study conducted by Mangalassery et al. (2014) the researchers came to the 
conclusion that when farmers opt for zero-tillage, it can result in a reduction of 20% less 
GHGs (CO2, N2O and CH4) released from soil, when compared to tilled-soil. 
 
2.3.2 Community-based urban agriculture  
Community-based urban agriculture mostly incorporates vegetable gardens and 
community orchards but it can also refer to municipal agriculture. It can be small-scale 
residential projects, volunteer-run community gardens or even mission-based 
enterprises operated by non-profit organizations (Kim, 2017). According to Kim (2017), 
mission based urban agriculture is most often used as a strategy for community 
development and delivering social and educational programs. When projects like 
community orchards are adopted, their management is overseen by volunteers who 
engage in such for recreational reasons for fostering community involvement and 
developing community sense; they serve also as an educational resource for developing 
horticultural skills (pruning, maintaining etc.) hence providing for job trainings. 
A number of studies indicate that participation in community gardens not only reduces 
food insecurity but also increases the daily consumption of vegetables and fruits and 
strengthens family relationship (Carney, et al., 2012). 
 
 
 
 
 
   
 
Figure 2.2. Argonne Community Garden, San Francisco 
 
 
source:https://sanfrancisco.cbslocal.com/top-lists/best-community-gardens-in-san-
francisco/ 
 
These initiatives can empower people belonging to sensitive population groups such as 
unemployed, immigrants, youths or formerly incarcerated people. Community gardens 
usually involve like-minded people, who in the absence of competition and profitability, 
grow collectively or individually their crops and occasionally share their fresh products 
(Guitart, et al., 2012). Community gardens forge trust among people and encourage the 
exchange of ideas and experiences.  
Further examples of community based agriculture are “food forests” based on the 
holistic concept of permaculture. Food forests in urban areas may have started as 
grassroots initiatives (e.g. Picasso Food Forest in Parma, Italy) but in 2016, followed by 
FAO’s recommendation to municipalities, they gradually become part of urban planning 
(Riolo, 2018). Food forests are built by humans to become edible and then emulate 
nature in the same way forest use to sustain themselves, without any human 
intervention. The concept of permaculture envisions a food forest having many layers so 
that both the horizontal and vertical space will be perfectly used resulting in high yield, 
   
 
natural pest control and resilience through biodiversity. In 2018, in the United States 70 
food forests were officially registered (Bukowski, 2018). 
In many high income countries, municipalities together with local communities replace 
the public “water-hungry” turf lawns with edible landscapes that incorporate fruit 
bearing trees such as figs, pomegranate and persimmon pear, peach, apricot, orange, 
lemon, walnut, almond, apple, plum and cherries (Castro, et al., 2018). The aim is to 
alter some of the urban forestry towards a public “free-for-the-picking” landscape. In 
some cases, even edible succulents are cultivated in urban areas (e.g. aloe, opuntia, 
purslane, and agretti or sea beans), which besides being healthy, are also heat and 
drought tolerant.  
Community based urban agriculture also refers to schools, prisons, churches, 
community centres or hospitals. In schools, for instance it provides a learning 
environment for students to learn acquaint themselves with the basics of food system, 
nutrition, ecology and environmental sustainability. In churches and prisons, it 
encourages social inclusion, job readiness training, teamwork skills, horticulture 
education as well as community engagement among members and residents (Güleryüz, 
2012). 
2.3.3 Controlled Environment Agriculture-Greenhouses-indoor farming-Z-farming 
Controlled Environment Agriculture (CEA) facilities have evolved from simple 
greenhouses, in different structures and with the use of different materials, to the high-
tech, fully automated glasshouses, vertical farms and rooftop greenhouses (Specht, et 
al., 2014). When CEA occupies no extra land, it is also referred as Z-farming, zero 
acreage farming or indoor farming, because instead of open spaces or farmland, it uses 
the otherwise unused spaces on rooftops and inside buildings (Specht, et al., 2015). The 
controlled environment in greenhouses and indoor farms allow for optimal plant 
growth, as growing conditions are under control (e.g. temperature, humidity, light etc.). 
In CEA, there is less evaporation, less plant pathogens, less water use, better working 
conditions, shorter growing periods, year-round production, and crops are protected 
from rain, wind and hail, aka the risk of crop failure is small (Besthorn, 2013).  
   
 
Conventional farming exposures crops to all elements of nature and it is responsible for 
the deterioration of soil quality and the elimination of biodiversity. Moreover, water use 
efficiency is low and it pollutes groundwater with leaching nitrate from fertilizers. CEA is 
addressing all the above mentioned, mitigating pest infestation, air and soil pollution, 
making efficient water usage and providing highly nutritious food, located in urban 
centers, at the doorsteps of markets. This type of agriculture is immune to extreme hot 
or cold weather (Shamshiri, et al., 2018;Despommier, 2011). As a consequense, CEA has 
overall greater predictability on yield outcomes (Shamshiri, et al., 2018). Limited space 
availability and increasing land competition make urban areas ideal for soil-less 
agriculture. CEA incorporates soil-less hydroponic, aquaponic and aeroponic 
technologies where temperature, humidity, CO2, light, pests and PH can be fully 
controlled. Obviously, CEA comes with a price, requiring a significant capital investment 
and high maintains costs. CEA is energy intensive for heating, cooling, irrigation etc., but 
if practiced on a large-scale basis it can be cost-efficient in the long run, it can increase 
agricultural productivity, secure supply, eliminate seasonality, and reduce pests and 
diseases (Game & Primus, 2015). CEA is based on artificial intelligence to make optimal 
use of energy, water and nutrients with automation and optimization and aims to 
ultimately minimize labour costs by reducing the need for human planters and 
harvesters (Maher, et al., 2016). Additionally, the recent utilization of PV solar energy in 
greenhouses, apart from heating, cooling and lighting, can also cover the energy used 
for irrigation with the use of a PV water pumping system (Hassanien, et al., 2016). 
Moreover, latest innovations applied in CEA include semi-transparent photovoltaic 
panels that, unlike regular panels, allow certain wavelengths of light to reach the plants 
enabling photosynthesis, and simultaneously, they generate electricity for the 
greenhouse (Harjunowibovo, et al., 2018). Considering global concerns over GHG 
emissions, soaring oil prices and falling PV solar panel prices, we envisage a bright future 
of RES applications in agriculture. 
Finally, after soil-less agriculture, sun-less agriculture and animal-free diary, cultured 
meat is gaining momentum. Cultured meat, also known as cell-grown meat, lab-grown 
meat or even clean meat is considered to become in the next few years a “meat-
revolution” that will grow inside big cities, as part of the future urban and peri-urban 
   
 
CEA. The conventional animal industry relays on heavy resource consumption (capital, 
land, water, energy), impacts the environment and contributes to climate change 
(Mourat & Prince, 2018). The production of cultured meat will significantly reduce land, 
water and energy-use as well as generate lower GHG emissions. Besides the 
environmental benefits, the slaughter-free meat production will be disease-free and 
chemical-safe (Bhat, et al., 2017), whereby enhancing human health and animal welfare 
(Mattick, 2018) On December 2018, Aleph Farms, an Israeli-based company, reached a 
milestone by announcing the production of the first cell-grown stake using a 
combination of six-technologies (Williams, 2018). According to Didier Toubia the CEO of 
Aleph-Farms, the technology is still maturing and expected to go on sale in three to five 
years (aleph-farms, 2019). The prototype 50$ stake needed only three weeks to grow.  
 
Figure 2.3. The world’s first lab-grown steak, created by Aleph Farms, in late 2018. 
 
Source: www.dezeen.com 
2.3.3.1. Rooftop farming 
Rooftop farming can be in open-air beds, in low-tech rooftop greenhouse farms or in 
high-tech controlled-environments. Rooftops have the potential to transform 
conventional unutilized blank roofs into productive spaces for food productions 
(Khadija, et al., 2018). Vegetables, herbs and fruits can grow in soil-based beds and 
   
 
containers or in hydroponic systems that relay on ongoing fertilizer inputs. Cultivation 
can be either open-air or under-cover. Apart from the productive dimension, rooftops 
can also provide social functions such as food literacy, social inclusion, amenity or even 
a therapeutic objective (e.g. atop hospitals) (Orsini, et al., 2017). 
Rooftop farming, according to Dubbeling & Massonneau, (2012), can provide the 
following potential climate change mitigation and adaptation benefits: 
 Conservation of energy. Green roofs can reduce the energy demand for heating 
and cooling (providing shade during summer periods and diminishing heat loss 
during winter periods). 
 Reduction of GHG emissions that are related to urban food transport. 
 Green roofs have a small CO2 storage and sequestration potential that depends 
on plant choice, the degree of permanent cover and soil depth. 
 Improved water management, increased water retention and hence, reduced 
run off of rainwater depending on the choice of production technologies and 
plant choice (e.g. drought resistant succulents). 
 Decreased heat island effect in urban areas (depending on plant choice). 
 Improved biodiversity. Green roofs attract insects and birds. 
Shamshiri et al., (2018) also highlights the “integrated technology potential” of green 
roofs that enables the exchange of heat and CO2 with the core building. 
Green roofs are directly exposed to sunlight which makes them ideal for PV power 
generation as well. Therefore, rooftop farming competes with PV power generation for 
the same space. According to Benis et.al, (2018) using rooftops to produce food instead 
of solar PV energy can yield higher local value for both the building owner and the 
community around in terms of job creation. Among the world famous green roofs are 
three Lufa Farms in Montreal: Ahuntsic, 2011, Laval, 2013 and Anjou, 2017, the four 
Gotham Greens’ rooftop greenhouses in Brooklyn NYC, Queens NYC and Chicago and 
BIGH “Ferme Abattoir-Brussels”. 
 
 
 
 
   
 
Figure 2.4. Gothamgreens, HOLLIS, Queens, NYC 
 
Source: http://gothamgreens.com/our-farms/ 
 
As claimed by the Gotham Greens’ website, the company operates across its 4 facilities 
over a total of 170,000 square feet (gothamgreens, 2019). 
Rooftops can also serve for small and medium-scale commercial farming of the edible 
algae spirulina. 
An urban farm run by EnerGaia utilizes the rooftop of a Hotel in Bangkok to produce the 
protein-rich spirulina in closed-loop systems using semi-transparent barrels (Orsini, et 
al., 2017). 
 
Figure 2.5.Hotel Novotel Bangkok on Siam Square, Thailand 
 
Photograph: Photograph: Paola Di Bella/Redux 
   
 
2.3.3.2. Vertical farms 
Erosion and pollution has degraded arable land severely; leading many scholars to 
advocate for vertical farming while questioning whether, under current agricultural 
practices, the world’s arable land is able to feed the whole humanity (Besthorn, 2013). 
The visionary of vertical farms and professor at Columbia University Dr. Dickson 
Despommier conceptualized in his book “The Vertical Farm: Feeding the World in the 
21st Century” that “these farms will be key components of future sustainable eco-cities” 
(Despommier, 2010). Eventually, in recent years, vertical farms evolved from utopia to 
reality. Vertical farming saves space and provides the opportunity to grow with zero or 
very low chemical inputs and water, all year round (Shamshiri, et al., 2018), high-value 
“produce” such as leafy greens, herbs and microgreens which are physically short, 
shallow-rooted and have short growth cycles. These highly perishable plants cannot 
travel over long distances and relay on urban and peri-urban areas for their cultivation.  
Indoor vertical farms depend on artificial light to replace sunlight. However, light-
emitting diode (LED) grow lights are becoming more efficient, their prices are dropping 
and with machine intelligence, sensors and data analytics technology becoming more 
affordable than ever, vertical farms start to boom in many high density cities. Plenty, for 
instance, is a 226 $million start-up company based in San Francisco and backed by Jeff 
Bezos. The company aims to grow food up to 350 times more, using only 1% water 
compared to conventional farming (Uys, 2018). Singapore is an example with its 
enormous SkyGreens commercial four-story vertical farm, that produces everyday one 
ton of vegetables. SkyGreens uses a closed loop hydraulic system consuming only little 
energy for its operation. The company uses less water and chemical inputs and is ten 
times more productive per square foot than conventional farming (Chow, 2015). 
 
 
 
 
 
 
 
   
 
Figure 2.6.  Sky-greens vertical farm in Singapore. 
 
Source:https://inhabitat.com/sky-greens-is-the-worlds-first-hydraulic-driven-vertical-
farm/ 
 
The patented system ensures that all plants receive uniform sunlight and are steady 
irrigated and fertilized (skygreens, 2014). However, due to high labour and operating 
costs, several vertical farms still fail to become economically sustainable. For example, 
Local Garden in Vancouver went bankrupt in 2014, PodPonics in Atlanta shut down in 
2016 and FarmedHere closed in Chicago in 2017. 
2.3.3.3. Aquaponics 
Aquaponics is the combination of cultivating fish (aquaculture) and growing plants in 
water without soil (hydroponics) in a symbiotic re-circulating environment. Typically, 
aquaponics takes place in a semi-closed system. The plants (usually physically short leafy 
greens), get all their nutrients supply from the fish waste (Kyaw & Keong, 2017). Both 
the plants and micro-organisms are cleaning-up the water whereby acting as bio filters 
(Ragnheidur, 2015). The concept resembles the hydroponic system, where plants grow 
in a soil-less medium and are provided with a nutrient solution. However, in aquaponics, 
nutrients come from inside without the need of adding extra nutrients. The bacteria 
   
 
covert fish-waste through a nitrification process into plant food and the plants filter the 
water in which the fish live (Cohen, et al., 2018). 
 
Figure2.7. Aquaponics in the University of Minnesota 
 
Source:https://research.umn.edu/inquiry/post/students-lead-research-emerging-
aquaponics-industry 
 
2.3.3.4. Aeroponics  
The term aeroponics is a form of urban agricultural practice where plants have absolute 
no contact with any media such as soil, rock-wool, vermiculite etc., rather they grow in 
the air through the maintenance of certain parameters essential for plant growths which 
includes temperature, humidity, pH and conductivity of nutrient solution. The plants 
thriving in an aeroponic environment have their roots regularly sprayed with a nutrient 
rich solution and water. In fact, aeroponics is new variation of hydroponics (Lakhiar, et 
al., 2018). After NASA’s research and refinement in this technology in the 1990s, 
aeroponic farming gained attention and interest from the public (Gagandeep & Dilip, 
2014). 
A bold example in the USA is AeroFarms in New Jersey, founded in 2004, that started 
with a $ 40 million investment and since 2014 rose over $130 million in funds (Taylor, 
   
 
2017). AeroFarms claims to use 95% less water than conventional farming does and 
because of zero pesticides, herbicides and fungicides, leafy greens don’t even need to 
be washed before consumed (Taylor, 2017), Aeroponics farming system offers many 
benefits raging from ensuring healthy and rapid food production to an all year round 
food production free from contamination through soil, pesticides and other infections 
(Salachas, et al., 2015). Still the system is suitable only for a small spectrum of leafy 
greens (e.g. herbs, microgreens, leafy vegetables ect.). Beside the healthy and all year 
round plant production capacity of aeroponics, it also cuts down cost of land, fertilizer 
and water for agriculture. Cultivation can be done vertically, thus increasing the yield. In 
aeroponics, plants grow faster than in any other cultivation system because their roots 
are exposed to abundant oxygen (Lakhiar, et al., 2018), produce higher yields compared 
to soil-grown plants (Chandra, et al., 2014), and are of exceeding nutritional quality 
(Salachas, et al., 2015). 
However, aeroponic system has a very high cost of installation and needs to be 
maintained regularly. It cannot be practiced in regions experiencing epileptic power 
supply as power outage might result to irreversible damage (Gagandeep & Dilip, 2014). 
 
Figure 2.8. AeroFarms, Newark, New Jersey, 2014. 
 
Source: https://aerofarms.com/2018/08/13/aerofarms-growing-salad-indoors-without-
sunlight-or-soil-in-the-worlds-largest-vertical-farm/ 
   
 
 
2.3.4 Animal husbandry-Beekeeping-Horse-keeping 
According to FAO, animal husbandry also known as livestock farming are “domesticated 
terrestrial animals that are raised to provide a diverse array of goods and services” (FAO, 
2018c). 
A modern trend of animal husbandry in peri-urban areas, apart from fully or part-time 
commercial animal husbandry is “lifestyle farming” or hobby farming, that is done by 
smallholders focusing on recreation rather than economic output (Pinto-Correia, et al., 
2017). However, “Lifestyle farming” can also be done to meet food needs primary at the 
household level and the rising and breeding of horses, mules, donkeys, milking cows, 
beef, goats, poultry, pigs, rabbits and sheep, can play a significant role in household 
food security. 
Humans have always depended on animals for meat and milk, fibres, eggs etc. Because 
of this, humans are always on continuous research for improvement of breeds and other 
ways to enhance productivity in animal production. One of such ways is through 
engagement in apiculture - also known as bee-keeping in urban areas. The term 
apiculture originates from the Latin word for bees “Apis”. Conventionally to some 
people, honey bees are mostly farmed for their honey production but scientifically, bees 
add more value to our environment than just honey production. The maintenance and 
the boosting of biodiversity and pollination of crops especially in urban and peri-urban 
areas are the most appreciated values of bees; other values could be apitherapy which 
is a form of alternative medicine using bee products including honey, pollen, propolis, 
royal jelly and bee venom (Nicola, 2009).  
“Horse-keeping” is another essential part of peri-urban agriculture that takes advantage 
of the proximity to the urban area nearby. With the adequate horse management, it can 
contribute to the sustainable development of the area. In a study requested by the AGRI 
committee of the European Parliament on the status of UPA in the EU, in 2018, horse-
keeping, either for recreation and leisure (horseback riding clubs) or for substantial land 
use, is a widespread phenomenon especially in peri-urban environments across the EU, 
with 7 million equines so far (Zazada, et al., 2018). As reported by the Equine Business 
   
 
Association, the equine industry (horse-industry) in the EU, created in 2017 a 123billion 
EUR annual value with 500.000 full time jobs (Elliot, 2018). 
UPA is also encompassing the farming of various edible insects such as crickets, 
cockroaches, bugs, grasshoppers, mealworms, fruit flies, wax-worms, palm weevil larvae 
etc. In recent decades, western societies are gradually embracing the cultivation of 
insects both for human consumption and as an animal feed. For a case in point, we look 
at Protix, a Dutch $50 million industry located in the peri-urban area of Dongen, which 
farms insects primarily for animal and aquaculture feed. The insects are being fed with 
grain, fruits and vegetable-leftovers to develop quickly a protein-rich body mass (Protix, 
2019).  
Compared to conventional livestock farming, responsible for nearly 14,5% of all human 
induced GHG emission (Gerber, et al., 2013), the proponents of the “entomophagy 
movement” point out that insect farming cuts down the ecological footprint and is 
considered to be more sustainable than livestock farming due to less land, energy and 
water requirements (Huis, 2013). 
Anticipating the growing world population and the growing demand for meat 
consumption, this type of cultivation has an important food security dimension for 
humans. Insects can become a tasty and nutritious alternative to pork, beef or chicken 
(Muller, et al., 2016). 
For instance, Aspire food group, winner of the 2013 Hult Price, operates a giant 
company in Austin, Texas, selling delicious protein-bars and protein-powder that are 
made of crickets (aspirefg.com, 2016). 
 
 
 
 
 
 
 
 
 
   
 
Figure 2.9. Aspires’ cricket powder (Aketta whole) compared to beef. 
 
 
Source: Aspire Food Group 
 
3 Review of empirical studies focusing on the climate change 
perspective  
Regardless of type, structure or location, UPA, when compared to rural agriculture, has 
a lower “Carbon Food Mile Footprint” due to proximity to markets (Rich & Andrew, 
2003, Schmitt et al., 2017). Waste water treatment plants and anaerobic digestion farms 
have the potential to cover irrigation and nutrient requirements for intesive or semi-
intesive UPA types(Miller-Robbie et al., 2017; Zhou et al., 2017). Intergrated rainwater 
harvesting technologies can also reduce water inputs for all UPA types.  
 Howerver, as we can see below, not all UPA types have the same capacity for mitigation 
and adaptation to climate change. 
 
 
 
   
 
Table1.1. presents the different types of UPA, with regard to structure and location, 
and their relation with potential climate change mitigation, as found in the literature 
review. 
Type of UPA Potential mitigation benefits/sources 
Open-air farming e.g. 
home and allotment 
gardens, micro 
farming and 
community gardens 
-CCS capacity of vegetation (Thornbush, 2015) 
-Reduced fossil fuels use due to non-mechanized farming method (Game & 
Primus, 2015) 
-Enhanced carbon sequestration due to low or zero till cultivation (Mangalassery 
et al., 2014) 
-Urban heat island mitigation trees and vegetation lowers energy demand (less 
GHG) trough shading (EPA, 2016) 
 
Open-air 
rooftop/balcony 
greenhouse 
-Better building insulation and thermal transfer from rooftop result in reduced 
GHG emissions from fossil fuels (Specht, et al., 2015) 
-Green roofs CO2 storage and sequestration potential (Dubbeling & Massonneau, 
2012) 
Simple covered 
greenhouses on the 
ground and on 
rooftops  
-Avoidance of soil erosion that causes CO2 to escape into the atmosphere. All CO2 
from soil in the greenhouse is used by plants during photosynthesis 
(Mangalassery, et al., 2014) 
High-tech CEA e.g. 
glasshouses, rooftop 
greenhouses, indoor 
farms 
-Potential for utilizing RES e.g. in semi-transparent PV greenhouses reduces GHG 
emissions from displaced CO2  from fossil fuel use (Harjunowibovo, et al., 2018) 
-Potential for electricity and heat inputs to come from “agricutural waste” such as 
animal manure and urban food waste, converted to biogas in anaerobig digestion 
plants (Metson et al. , 2012; Zhan et al., 2013) 
-Energy recycling potential of waste-heat and CO2 (for enrichment) from nearby 
facilities (Shamshiri, et al., 2018) 
-Potential for industrial symbiosis (Marchi, et al., 2018) 
 
 
   
 
Table1.2. presents the different types of UPA, with regard to structure and location, 
and their relation with potential climate change adaptation, as found in the literature 
review. 
Type of UPA Potential adaptation benefits/sources 
Open-air farming e.g. 
home and allotment 
gardens, micro 
farming and 
community gardens 
-Trees and vegetation absorb rainwater reducing runoff (Dubbeling & 
Massonneau, 2012) 
-High potential for organic and conservation agriculture, low tillage and crop 
rotation that prevent soil-surface erosion (Mangalassery et al., 2014) 
-Potential for water savings- Rainwater harvesting (Lupia, 2015) 
Rooftop/balcony 
open-air 
-Decreased heat island effect (Orsini, et al., 2017) 
Simple covered 
greenhouses on the 
ground and on 
rooftops  
-Reduced water consumption through less evapotranspiration ranging from 45 to 
77% (Pamungkas, et al., 2013) 
-Reduced water consumption through efficient irrigation (Zazada, et al., 2018) 
-Reduced vulnerability to climate events (Specht, et al., 2014) 
High-tech CEA e.g. 
glasshouses, rooftop 
greenhouses, indoor 
farms 
-Reduced vulnerability to climate events (Specht, et al., 2014) 
-Climate control-efficient lighting and energy savings (Maher, et al., 2016) 
-PV greenhouses for zero-GHG emission in heating and lighting (Hassanien, et al. 
2016) 
-Water and nutrient recycling and natural pollination with bumblebees 
(Despommier, 2010)  
 
 
4 Benefits and Barriers of Urban and Peri-Urban Agriculture 
Having discussed urban and peri-urban agriculture in the preceding paragraphs it is 
pertinent to point out the importance and perhaps the barriers and risk of UPA. The 
argument will be based on the tripod stands of sustainability (environmental, economic 
and social). 
   
 
In general, UPA has its strengths and limitations, its positive and negative impacts and 
externalities and is constantly shaped by the economic, social and environmental 
conditions in which it takes place. Every place in every country is a unique case. 
It is important to note that UPA is practiced in close proximity to the markets, which is 
positive, but depends on the use of high-priced urban and peri-urban resources such as 
land, water, energy and labour. Also due to economy of scale, UPA may become 
resource inefficient. This poses a threat to UPA of becoming unsustainable. For example, 
some small scale and low yield organic food production in cities may become so 
expensive that it will end up consumed only by the already “food secure” wealthy urban 
dwellers who can afford high-prised organic food (Valley & Wittman, 2018).  
Food may still be a commodity, that can be bought and sold, but “access to food” is 
acknowledged by International organizations such as the UN HABITAT to be a “basic 
human right” that has to be granted to all human beings, regardless of color, nationality 
or religion hence food security is considered as a global public good that should be 
safeguarded for everyone” (Schutter, 2012). 
UN defines food security as the condition where “available and adequate access for all 
people at all times to sufficient, safe, nutritious food to maintain a healthy and active 
life”. 
 
4.1 Environmental benefits 
One of the major environmental benefits of urban agriculture is that it can be used as a 
tool to achieve and promote low-carbon cities as part of urban greening with the added 
benefit of CCS capacity of urban vegetation (Thornbush, 2015). Sustainable UPA can 
reduce human demand on natural resources such as land and water; hence reduce its 
ecological footprint. Reduced “food miles” due to proximity to markets reduces 
pollution, resource consumption and “food loss”. 
Small-scale UPA produces less chemical pollution compared to rural agriculture as long 
as soil nutrients come primarily from compost of converted crop/food-waste and from 
animal manure. This results in the usage of fewer fertilizers and pest fighting chemicals. 
Also small-scale agriculture in urban and peri-urban areas has greater potential for 
   
 
“conservation agriculture” which is a combination of low or no-tillage, crop-rotation 
and mulching, as to avoid soil disturbance. This prevents soil erosion with the added 
benefit of mitigating climate change (Hobbs, 2007). Large-scale UPA is technology-
driven, practiced in controlled environments and follows advances in science and 
technology. This enables UPA to become utterly resource efficient and emission-free. 
To further enhance resource efficiency, UPA can scale-up by exploiting co-location 
opportunities close to facilities that provide possible waste-flows (e.g. municipal 
wastewater, waste-heat and CO2from central heating systems etc.).  
UPA has the potential to utilize and absorb storm or rain water by exploiting the many 
sealed surfaces (roofs, streets etc.) that cities are made up provided that proper water 
management and the adequate infrastructure are in place. This could potentially cover 
(depending on plant choice) all irrigation needs without additional use of municipal 
water (Lupia, 2015). 
A further environmental benefit, provided by UPA, is greater biodiversity; green 
landscapes enhance biodiversity providing a habitat for beneficial insects (e.g. 
pollinators) and birds (Clucas, et al., 2018). 
UPA has the potential to reduce the heat island effect in cities. Temperatures in cities 
are generally higher than in rural areas, thus vegetation alleviates this effect and lowers 
both surface and air temperatures (EPA, 2016). 
Finally, according to future projections, UPA will soon encompass the commercial bio-
engineering on meat. This will open new opportunities for the reduction of GHG 
emission as well as the reduction of natural resource usage (Arshad, et al., 2017) 
(Niamh, 2018). 
4.2 Economic benefits 
UPA farmers, by selling the vegetable and animal products surpluses, are adding extra 
income securing and sustaining their households and livelihoods. This enables poverty 
alleviation and enhances food security supporting the growing urban population 
(Zasada, 2011). 
UPA provides employment opportunities in food production, distribution and 
marketing, hence its importance as an economic booster in metropolitan areas. It can 
   
 
provide green jobs such as sustainable farming technicians, organic farming experts, 
certification and eco-labelling experts (e.g.ISO1400, EMAS-Eco-management and Audi-
Scheme). Commercial farmers can benefit from direct marketing or farm-gate 
marketing (e.g. farm shops and roadside stands, door-to-door, distance-selling etc.). 
Besides, most direct marketing is tax-free income. Also, in highly populated urban areas, 
commercial urban farmers can far easier attract customers than their rural 
counterparts. 
Proximity to urban markets has its economic dimension; by avoiding extra 
transportations costs and by generating synergies and linkages between demand and 
supply. Proximity to urban markets also contributes to waste reduction as it reduces 
food losses from harvest to consumption in the supply chain (ICPP, 2014a). 
Income can also come from the utilization of the many waste-flows in cities and peri-
urban areas as part of the above mentioned “industrial symbiosis” potential. 
CEA has high returns on capital investment. This type of agriculture may be capital-
intensive for the start-up but if resource-efficient and well-managed, it can provide high 
returns. 
Constrained land availability in urban and peri-urban areas leads to land-use 
innovations, which may result in yields per unit area to be higher than in rural areas.  
In addition, UPA can foster tech-innovations. Vacant lots, unutilized rooftops, brown 
fields, under-used parks etc., can be cultivated and generate income. 
Finally income can be generated from governmental tax-incentives such as tax-brakes 
and other supportive policy regulations.  
4.3 Social benefits 
Unlike economic benefits of UPA, which have a clear monetary value, social benefits are 
vague and stakeholders may not immediately perceive their true value. Social benefits 
are difficult to identify and capture because they are intangible and/or may occur in the 
future. For example, scientists have long observed the healing benefits of gardening. 
The ability to produce a desired result can boost morale and self-esteem (Autio, et al., 
2013). Efficacy can raise pride and personal satisfaction. Furthermore, the richness of 
flora and fauna in urban areas has positive effects on human well-being, enhancing 
   
 
human physical and physiological health (Nilon, et al., 2017). Trees and vegetation 
provide aesthetic value, relaxation and relief from stress, improving overall the quality 
of life (Church, et al., 2015). All these intangible benefits, despite lacking a market-value, 
may outweigh food production and income generation. Social benefits of UPA refer 
primarily to home gardening, community gardens and animal husbandry.  
Gardening can be a recreational family-activity where all members can “feel important 
and valuable” and simultaneously it can create educational opportunities for its 
members (e.g. horticultural skills including skills of recognition, prediction and 
evaluation). The same goes for community gardens. It has been argued that the 
increased food awareness follows the global trend to local self-sufficiency and the motto 
“eat less, organic, local and don’t waste”. Food awareness, also referred as “food 
literacy” is focusing on the impacts of food-choices from “soil to table”. Sustainable 
growing-your-own in community gardens has become a general development (Church, 
et al., 2015) either because of necessity and economic hardship in low-income 
households or as an environmentally friendly leisure activity among the well-off.  
Digging the soil, sowing the seeds and harvesting the crops are all elements of a 
“common language”, understandable by people of different nationality, colour or 
religion (Valley & Wittman, 2018). Therefore, in the increasingly diverse and 
multicultural cities, community gardens can become the place of integration and social 
inclusion where different people can communicate and interact (Zazada, et al., 2018). 
This is particularly important for disadvantaged people and those belonging to sensitive 
groups.  
Scientist agree on the fact that dietary patterns based on convenient and inexpensive 
junk food, instead of fruits and vegetables, are among the lead causes for high obesity 
rates (Poti, et al., 2017). Since most UPA is non-mechanized, gardeners and farmers due 
to enhanced physical activity may have lower obesity rates. There is also clear evidence 
that the more fruits and vegetables grow in home gardens, the greater their daily 
consumption by family members (Beed, et al., 2015).  
High quality and well-run gardens can also increase neighbourhood property values. 
Lastly, trees and shrubs block sound and can significantly reduce noise in urban areas, 
whereby improving the quality of life.  
   
 
4.4 Risks and limitations related to urban and peri-urban agriculture. 
Several studies associate UPA with potential public health risks, highlighting concerns 
over food safety, soil and water contamination (Rouillon, et al., 2017). Residential and 
community gardens may produce contaminated crops with heavy metals (iron, cobalt, 
copper, cadmium and lead) as a result of irrigation with water from polluted streams or 
untreated municipal wastewater (Sharma, et al., 2016). Sharma et al., 2016 studied 12 
crop samples in the urban area of Amritsar, India, and found that in all crops, 
contamination exceeded the safe levels. Particularly in leafy and tuberous vegetables, 
the accumulation of heavy metals was much higher than in fruits.  
Crops can be also contaminated with heavy metals due to traffic emissions, atmospheric 
deposition and industrial effluents (Anna Margenat, 2018). In another study done in the 
peri-urban area of Gijón, Spain, the analysis of soil-contamination showed levels of lead 
(Pb) and arsenic (As) to exceed threshold levels. However, the potential risk for human 
health was found to be low (Boente, et al., 2017). Soil can also be contaminated due to 
prolonged intensive use of agrochemicals.  
A further constraint in populated urban and peri-urban areas comes from livestock 
odors that can result in complaints and disputes. For example, even small livestock 
production can cause unpleasant smell from manure. Moreover, a number of 
agricultural activities can attract mosquitoes, responsible for the spread of certain 
human diseases. By keeping livestock in close proximity without proper precautions 
being taken, there is also risk for certain diseases to be transmitted to humans directly 
from animals (e.g. zoonotic diseases from E.coli, West Nile virus and salmonella). In 
some urban areas, livestock keeping is considered to be inappropriate; zoning 
ordinances may even prohibit animal keeping and some municipalities provide 
legislative and regulatory barriers in order to protect public health. 
Among the limitations, we consider land availability to be the biggest. UPA is 
constrained by high urbanization pressure. All urban growth expansion of cities for 
housing, industry and commercial purposes has been made upon agriculture land. Land 
is an expensive commodity and competition over land for food production in urban and 
peri-urban areas is expected to escalate. (Khadija, et al., 2018). This raises the land-use 
cost and results also in high land tenure insecurity (Mok, et al., 2014). Inadequate water 
   
 
pricing policies can further restrict access to water and raise irrigation costs. Finding 
reliable water sources is particularly for many underdeveloped areas difficult, while 
potable (municipal) water might be high-prised.  
Additionally, a considerable risk in residential and community gardens is vandalism and 
theft, especially in unfenced gardens and orchards, thus both can be a source of concern 
for many stakeholders (Guitart, et al., 2012). 
Some types of UPA such as CEA facilities are capital intensive. Access to capital is an 
important factor that can limit any agricultural activity and impair entrepreneurship 
(Game & Primus, 2015). 
Several UPA facilities require a high initial cost of installation and good technical know-
how expertise for their maintenance, which in some places is considered to be a 
limitation. 
Negative stereotypes, prejudices and public perception over farming can further limit 
UPA. For example in Greece, livestock keeping doesn’t appeal to young people. In the 
region of Evros, Greece, Aggelopoulos et al., (2016), found that young people in Greece 
avoid engaging in the goat and sheep sector. The sheep and goat keepers settled in the 
peri-urban areas are aged between 45-65 years old and poorly educated with nearly half 
of them having completed primary education (Aggelopoulos, et al., 2016). Certain 
religious faith can also restrict or ban some types of agricultural (e.g. pig farms in Turkish 
provinces) (Wilson, et al., 2011). 
A further barrier to UPA is public perceptions on soil-less and sun-less greenhouse 
cultivation; hydroponic crops, for example, can be perceived as inferior for taste and 
quality and less eco-friendly or organic. In a questionnaire survey at a University campus 
near Tokyo, Japan, consumers’ perception towards vegetables grown with artificial light 
in plant factories revealed negative images and anxiety over their nutritional value and 
taste (Yano, et al., 2016). 
Finally, advances in plant biotechnology resulted in the creation of genetically modified 
crops with small environmental footprint, that despite being insect-resistant and 
herbicide-tolerant, may face local opposition or even hostility in urban and peri-urban 
areas (not in my backyard reaction!) over concerns on human health, whereby creating 
conflicts among certain stakeholders (Buiatti, et al., 2013). 
   
 
 
5 Interpretation of Findings-Conclusion  
Agriculture, which once led to the birth of cities, thousands of years before, is now 
returning to its roots. Even in the most affluent societies, gardening in urban areas is on 
the rise. Environmental awareness follows suit. The agriculture done in urban and peri-
urban areas is related to UN sustainable development goals of eliminating hunger and 
making cities and communities sustainable. UPA products have an overall smaller 
“Carbon Food Mile Footprint”. With regard to the worldwide urban population growth, 
small-scale food production in urban and peri-urban areas provides an opportunity to 
increase food security and reduce malnutrition and hunger. Because of the above 
mentioned, UPA is increasingly being promoted by policy makers and city mayors. Large-
scale CEA has the potential to become “climate smart” and mitigate climate change.  
However, it is misleading to consider UPA as a panacea for food production that will 
make cities self-sufficient. Urban and peri-urban areas are constrained by low land 
availability. Staple food, such as cereals (wheat, rice, maize etc.) needs, and will 
continue need to be produced in rural areas. A golden ratio should be a balance 
between UPA and rural agriculture, adjusted in each region to the current technology 
status. Worldwide, the growing demand for healthy and nutritious food is speeding up 
technology improvements. As a result of these improvements, numerous eco-
innovations are being utilized by UPA. Regardless of scale, UPA can now be resource 
efficient, emission free and sustainable. It can in various ways mitigate climate change 
and become a tool to adapt to climate change. New, alternative ways for food 
production are prevailing. Insect farming can feed humans and animals and provide a 
sustainable protein source. CEA can exploit co-location opportunities with industrial 
waste-flows to utilize free energy-inputs. UPA can become instrumental towards a 
future zero-waste circular economy. Both precision agriculture and conservation 
agriculture in urban and peri-urban areas can have a twofold outcome; providing food 
to humans and animals, without degrading further the environment.  
In developed countries, climate change and soil erosion is swiftly increasing the scale of 
soil-less agriculture. Integrated green infrastructure such as rainwater harvesting 
systems is augmenting UPA and vice versa.  
   
 
Furthermore our methane producing meat diet is severely impacting the environment.  
Human health is also impacted by the consumption of meat as it is currently produced. 
The growing demand for healthy and “clean” meat will in the near future give rise to the 
mass production of cultured meat in cities. Apart from environmental and economic 
benefits, engaging in UPA can provide multiple social benefits of inestimable value for 
its practitioners. The literature review highlights a plethora of social benefits, ranging 
from recreation and enhancement of human health, to social inclusion and local 
community empowerment. We have to note that all social benefits refer to social 
groups (e.g. immigrants, underprivileged neighborhoods, unemployed etc.). The review 
didn’t found studies on how specific ethnic groups sharing a common culture (e.g. 
common religion, language) engage in UPA and what the outcomes are.  
In conclusion, UPA has undeniable multifaceted environmental, economic and social 
benefits that will shape its present and future. 
There is a wind of change blowing in research centres and laboratories that is making 
technology-leaps towards sustainable UPA possible. These advances will, sooner or 
later, benefit all humans like a “rising tide that shifts all boats”, as J.F. Kennedy used to 
say. Because our common environment and its natural resources are finite, we have to 
use our rational problem-solving ability to rapidly adjust our way of food production and 
adapt to climate change as well. Only we can combat climate change, and slow-down 
environmental degradation, because only we have the potential to discover and 
implement science-based solutions. After all, nothing brings people together as the 
perception of a common threat.  
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